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LIGANDS FOR Ga- €8 PET HEART APPLICATIONS 



FIELD OF THE INVENTION 
The present invention relates to radiodiagnostic 
5 imaging agents. More particularly, the present invention 
is directed to novel ligands and compositions for gallium- 
68 PET heart imaging. 

BACKGROUND OF THE INVENTION 
10 The development of radiopharmaceuticals for Positron 

Emission Tomography ("PET") for cardiac imaging based on 
flow, perfusion, and metabolism is a growing field of 
research. These radiopharmaceuticals include "C-glucose, 
13 N-ammonia, 15 0-water, and 18 F-deoxy glucose . However, these 
15 short-lived isotopes (see Table 1) require the PET facility 
to be located very near a cyclotron dedicated to their 
production. 



20 



25 



30 



Table 1 



Half -life of Positron Emitting Nuclides 
Used for PET-Heart Applications 

Radionuclide Half-life 



"C 20.40 min 

n N 9.96 min 

15 0 2.04 min 

l6 F 109.80 min 



Brown and Firestone, Table of Radioactive 
Isotopes . New York, Wiley, 1986. 

The availability of a number of positron emitting 
35 isotopes which do not require production by means of an on 
site cyclotron is growing. These isotopes are produced by 
means of a generator system where a relatively long-lived 
parent decays to produce a daughter isotope^/hich is then 
chemically separated from the production generator and made 
40 available for use in the production of potential new 



WO 94/04485 



PCT/US93/07769 



radiopharmaceuticals. Generator -based radionuclides are 
attractive since they represent extremely transportable 
sources of radiopharmaceuticals. Thus, PET imaging could 
be made available to imaging centers across the country 
5 which are not located nearby an available cyclotron 
facility. Positron emitting radiopharmaceuticals based on 
generator produced isotopes would greatly enhance the 
-versatility, and ultimately the utility, of any PET center. 
Potentially useful generator produced isotopes are now 
10 widely available because of extensive development of their 
respective generator systems (see Table 2) . 

Table 2 

15 Half-life of Positron Emitting 

Nuclide Generator Systems 

Parent /Dauaht er Parent T, rt Daughter T 1 /T 

20 68 Ge/ 68 Ga 288 days 68.1 min 

82 Sr/ 82 Rb 25 days 1.25 min 

52 Fe/ 52m Mn 8.28 hr 21.1 min 

122 Xe/ 122 I 20.1 hr 3.6 min 

62 Zn/ 62 Cu 9.2 hr 9.73 min 

25 "Ti/ 44 Sc 47 years 3.93 hr 

i28 Ba/ i2s Cs 2 43 days 3 6 min 

72 Se/ 72 As 8.4 days 26 hr 



30 The 82 Sr/ 82 Rb generator has been approved for routine 
clinical use. However, the short half -life of the daughter 
nuclide (1.25 minutes) limits the general utility of this 
isotope and the chemistry of 82 Rb* prevents the application 
towards other organ specific imaging needs. The 68 Ge/ 68 Ga 

35 system is attractive since the parent nuclide is rather 
long-lived. This generator system is able to deliver 
clinically useful doses of 68 Ga for approximately eighteen 
months. After this length of time, the activity of 68 Ga 
eluted is too low for effective imaging. 
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Use of 68 Ga complexes as agents for organ specific PET 
imaging would require the development of suitable ligand 
systems to control biodistribution. Gallium-68 is 
chemically very similar to iron (III), and is readily taken 
5 up by plasma proteins such as transferrin. Thus, if a 
weakly coordinating ligand is used such as citrate or even 
EDTA, shown below, plasma protein labeling occurs, thereby 
Restricting the radiolabel to the blood pool and resulting 
in slow clearance through the hepatobiliary system. 

10 



15 




ethylenediaminetetraacetic add citric acid 

EDTA 

A myocardial perfusion agent which incorporates <B Ga, would 
20 have to be stable enough to prevent such exchange. 

Recently, Kung et al., Journal of Nuclear Medicine , 
Vol. 31, p. 1635 (1990), demonstrated that a * 8 Ga complex 
could be used as a myocardial imaging agent. The ligand 
used to deliver the radionuclide, BAT-TECH, below, to the 
25 heart did not present a stable coordination environment for 
the metal center. Liver uptake and very slow 68 Ga clearance 
of the blood pool were observed. Gallium-68 complexes of 
(5-MeOsal) jTAME, below, have been evaluated as potential 
tracers of regional myocardial blood flow. (See, Green et 
30 al., Journal of Nuclear Medicine , Vol. 26, p. 170 (1985). 
But again, the - design of the ligand gave undesirable 
clearance and biodistribution properties. 
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10 





PCn^0^och 3 



H % / \ ,H 




± X 

C&l CgHg H 3 CO 

bis-aminoethytthiol-tetraethyl-cyclohexyl tris(5-methoxysancya!diminomethyl)ethane 
BAT-TECH H3[{5-MeOsaD 3 TAMEl 

15 It will be appreciated that there is a need in the art 

for ligands which form stable complexes with Ga-68 and 
which contain suitable pendant substituents that permit 
organ targeting with perfusion characteristics akin to a 
potassium mimic. 

20 

BRIEF SUMMARY OF THE INVENTION 
A principal goal of the ligands within the scope of 
the present invention is the ability to form conpact, 
stable complexes with gallium-68 which behave as potassium 

25 mimics in vivo » it has been found that the basic 
diefchylene triamine unit provides the basis for preparing 
suitable ligands within the scope of the present invention. 
Variations in the pendant ligatihg groups, amine design, 
and/or substituents placed throughout the ligand backbone, 

30 enable manipulation of key factors which influence 
myocardial uptake of labeled compounds, such as size, 
lipophilicity, charge distribution on the complex, and 
protein binding properties . Ethylene linkages, -CH 2 CH 2 -, 
are preferred between ligating groups because these provide 

35 the most stable metal chelating environment possible. 
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Larger spacings, e.g., propylene linkages, or constrained 
spacings, e.g. ortho-phenylene or 1,2-cyclohexyl, may be 
used, but may yield less-stable metal complexes. 

The following is a generic ligand structure within the 
5 scope of the present invention capable of complexing Ga-68: 



10 



F E m F 



15 wherein A* and B x may be the same or different -CR X R 2 , where 
Rj and R 2 may be oxygen, as in a carbonyl unit, or a C 0 -C 4 
substituted alkyl chain having as substituents hydrogen, 
alkyl, hydroxy!, ether, ester, carboxylic acid, thiol, 
sulfide, thio-carboxylic acid, amine, amide, hydroxyamine, 

20 phosphine, phosphite, phosphinate, or arene wherein the 
carbon-containing substituent groups have from 1 to 4 
carbon atoms; E* and E D are linking groups having the 
general formula: -A-Q-B-; n is from 0, 1 or 2, m is 0, 1 

25 G 

or 2; k is 0, 1 or 2; G is a terminating unit having the 
general formula -CR^R^, where R x , R 2 and R 3 may a C 0 -C 4 
substituted alkyl chain having as substituents hydrogen, 
alkyl, hydroxyl, ether, ester, carboxylic acid, thiol, 

30 sulfide, thio-carboxylic acid, amine, amide, hydroxyamine, 
phosphine, phosphite, phosphinate, or arene wherein the 
carbon-containing substituent groups have from 1 to 4 
carbon atoms, R 3 is a metal binding group such as phenol, 
carboxylate, mercaptomethy 1 , or acetylacetonyl when E a is 

35 not zero; F has the same general formula^as A* and B x , 
above, but when E„ is zero, then F is a terminating unit 
having the general formula of G, where R 3 contains the metal 
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binding unit; when E n is zero, then h x and B 3 are terminating 
units having the general formula of G, where R 3 is not a 
metal binding group; Q is an sp 3 nitrogen atom; Q' is an sp 3 
or sp 2 nitrogen atom such that when Q' is an sp 2 nitrogen, 
5 A x and B3 are 0 ( E„ and are 0, k is 1, and F is a 
acetylacetonyl binding group. 

As used herein, when the units E„ and E» are "zero", 
-*then there is no bond or ring formed through h t and B3 or 
the two F groups. Where k, n, or m is zero, then there is 
10 a bond connecting the respective adjacent groups A x -B y and 
F-F. The term C 0 is a hydrogen atom. 

Ligand designs within the scope of the present 
invention can be divided into three general categories: (1) 
macrobicyclics, (2) macrocyclics, and (3) acyclics. .These 
15 designs represent the simplest possible ligand format. 

For example, according to the above generic formula, 
a typical macrobicyclic ligand (compound 1 of Figure 1) may 
be defined where k is 1, m is 0, n is 1, G is mercaptoethyl 
so that A x , B x , and F are -CH 2 - moieties. Another 
20 macrobicyclic ligand (compound 4 of Figure 1) may be 
defined where k is 2, m is 0, n is 0, G is mercaptoethyl so 
that A,, B x , and F are -CH 2 - moieties. 

A typical macrocyclic ligand (compound 7 of * Figure 2) 
may be defined according to the above generic formula where 
25 k is 1, is 0, n is 0, F is mercaptoethyl , G is a 
terminating unit -CR^R* as "R" in Figure 2, and A^ and B* 
and -CH 2 - moieties. Compounds 8 and 9 of Figure 2 are 
defined the same, except that F is a different metal 
binding group. 

30 A typical acyclic ligand (compound 10 of Figure 3) may 

be defined according to the above generic formula where k 
is 1, and E n are 0, F is mercaptoethyl, A x , G, and B 3 are 
terminating units -CR^Rj as "R x " in Figure 3. Compounds 
11-13 of Figure 3 are defined the same, except that F is a 

35 different metal binding group. 
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Table 3 presents a summary of the currently preferred 
most stable ligands which are defined according to the 
above generic formula. 

5 Table 3 

Ligand Type k m n ^ E n 

_^ macrobicyclic 10 1 - - 

2 0 0 

10 macrocyclic 1 - 0 0 

acyclic 1 - - 0 0 



General structures of possible macrobicyclic, 

15 macrocyclic, and acyclic ligands within the scope of the 
present invention are illustrated in Figures 1 through 3. 
Although the general structural formulas of Figures 1 
through 3 do not illustrate the various substituents placed 
throughout the ligand backbone, it will be appreciated that 

20 such substituents may include hydrogen, alkyl, alcohol, 
ether, ester, carboxylic acid, thiol, sulfide, thio- 
carboxylic acid, amine, amide, hydroxy amine, phosphine, 
phosphite, phosphinate, or arene. 

Radiolabeled species which are used as myocardial 

25 imaging agents for Single Photon Emission Tomography, 
SPECT, are typically small, lipophilic and monocat ionic. 
Such characteristics result in a complex which behaves as 
a potassium ion mimic. All of the proposed ligands within 
the scope of the present invention should yield very 

30 compact complexes of high stability. In all cases there 
are three or four metal binding amine residues and two 
anionic metal -binding moieties. Strategic placement of 
pendant groups, either as part of the aliphatic backbone or 
as substituents on non-pendant ligating amine atoms, will 

35 permit adjustment of complex lipophilicity . Since the 
aqueous chemistry of gallium is dominated exclusively by 
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oxidation state 3+, such designs will result in a complex 
which carries a monopositive charge. 

From the foregoing, it will be appreciated that the 
present invention provides ligands which form stable 
5 complexes with Ga-68 and which contain suitable pendant 
substituents that permit organ targeting with perfusion 
characteristics akin to a potassium mimic. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 In order that the manner in which the above-recited 

and other advantages and features of the invention are 
obtained, a more particular description of the invention 
briefly described above will be rendered by reference to 
specific embodiments thereof which are illustrated in the 

15 appended drawings. Understanding that these drawings 
depict only typical embodiments of the invention and are 
not therefore to be considered limiting of its scope, the 
invention will be described and explained with additional 
specificity and detail through the use of the accompanying 

20 drawings in which: 

Figure 1 illustrates typical macrobicyclic ligands for 
68 Ga within the scope of the present invention. 

Figure 2 illustrates typical macrocyclic ligands for 
fi8 Ga within the scope of the present invention. 

25 Figure 3 illustrates typical acyclic ligands for 68 Ga 

within the scope of the present invention. 

Figure 4 illustrates different methods for 
synthesizing macrobicyclic ligands within the scope of the 
present invention. 

30 Figure 5 illustrates different methods for 

synthesizing macrobicyclic ligands within the scope of the 
present invention. 

Figure 6 illustrates different methods for 
synthesizing macrocyclic ligands within tri^ scope of the 

35 present invention. 
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Figure 7 illustrates different methods for 
synthesizing acyclic ligands within the scope of the 
present invention . 

Figure 8 illustrates a method for synthesizing an 
5 acyclic ligand within the scope of the present invention. 

Figure 9 illustrates structural formulas for 
abbreviations used in Figures 4-8. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

10 Ligands within the scope of the present invention are 

defined generically above. Various ligand designs, 
including macrobicyclic, macrocyclic, and acyclic ligands 
are possible according to the above generic definition. 
These designs represent the simplest possible ligand 

15 format. Variations in the pendant ligating groups, amine 
design, and/or substituents placed throughout the ligand 
backbone, enable manipulation of key factors which 
influence myocardial uptake of labeled compounds, such as 
size, lipophilicity, charge distribution on the complex, 

20 and protein binding properties. Ethylene linkages, 
-CH 2 CH 2 -, are preferred between ligating groups because 
these provide the most stable metal chelating environment 
possible. Larger spacings, e.g., propylene linkages, or 
constrained spacings, e.g. ortho-phenylene or 1,2- 

25 cyclohexyl, may be used, but may yield a less-stable 
metailocycle. 

Examples of possible macrobicyclic, macrocyclic, and 
acyclic ligands within the scope of the present invention 
are illustrated in Figures 1 through 3. The macrobicyclic 

30 designs, compounds 1 through 6 of Figure 1, should produce 
the most stable complexes, since the metal center is 
effectively buried in the ligand "basket-. A number of 
simple azabicyclics have been reported in the literature 
(Bencini et al., J. Chem. Soc. Chem. Comm. ^p. 174, 1990; 

35 Bencini et al., Inorg. Chem. . Vol. 29, p. 3282, 1990; 
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Bencini et al., Inoro. Chem. . Vol. 28, p. 4279, 1989; and 
Fortier et al., J- Amer. Chem. Soc , Vol. 112, p. 2640, 
1990), but none with coordinating pendant groups. The 
amine precursor to ligands 1 through 3, has been reported 
5 by Weisman et al., Tet. Lett. , Vol. 21, p. 335, 1980. 
Synthesis of this moiety was accomplished by reaction of 
1,4,7,10-tetrazacyclodecane with glyoxal. Recently, they 
Juwe reported that reaction of the tetracyclic intermediate 
with methyl iodide, followed by reduction with sodium 
10 borohydride gave the dimethyl analogue of ligand 1, 
(Weisman et al., Presented at the 199th National Meeting of 
the American Chemical Society, Organic Chemistry Abstract 
#211, 1990). The bicyclic amine precursor to the simplest 
derivative for ligands 4 through 6 has been prepared, by 
15 Ramasubbu et al., J. Chem. Soc. Chem. Comm. , p. 277, 1982, 
and its complexometric chemistry studied by Hancock et al . , 
mora, Chem. , Vol. 29, p. 264, 1990. A similar approach 
may be used to incorporate pendant ligating groups to 
produce ligands of the type 1 through 6. 
20 Examples of syntheses of macrobicyclic ligands within 

the scope of the present invention are illustrated in 
Figures 4 and 5. 

The macrocyclic ligand designs, compounds 7 through 9 
of Figure 2, though less encapsulating should still result 
25 in very strong complexes. Tris- substituted triazamacro- 
cycles have been used to prepare neutral gallium complexes. 
Moore et al., Inora. Chem. , Vol. 29, p. 672, 1990. All 
such complexes were found to be very stable versus 
hydrolysis. Radiolabeled species were not prone to strong 
30 binding by blood proteins, i.e. loss of 68 Ga to transferrin. 
Moore et al., J. Nuc. Med. , Vol. 30, p. 922, 1989 and Moore 
et al., J . Label 1 ed Compd . Radiooharm . , Vol 26, p. 362, 
1989. Replacement of a pendant ligating groups by various 
R groups listed below will not reduce sigHif icantly the 
35 complex stability, but may add significantly to the 
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lipophilicity of the complex by disrupting outer sphere 
hydrogen bonding between the complex and endogenous water 
molecules. Proposed syntheses for macrocyclic ligands 
within the scope of the present invention are shown in 
5 Figure 6. 

The acyclic ligand designs, compounds 10 through 13 of 
Figure 3, grant the greatest degree of freedom to the 
-ligand and may present avenues by which decoirrplexation can 
occur, but these penta-coordinate designs should still 
10 provide a ligating environment strong enough to resist 
hydrolysis or trans -metallat ion with iron-binding blood 
proteins such as transferrin. Again, incorporation of 
various lipophilic R groups substituted at nitrogen or in 
the ethylene linking units of the ligand backbone may 
15 significantly impact the biodistribution and clearance 
behavior of the labeled complex. Proposed synthetic routes 
for acyclic ligands within the scope of the present 
invention are illustrated in Figures 7 and 8. 

The ligands within the scope of the present invention 
2p may be complexed with Ga-68 and formulated in biocompatible 
solubilizing media for enteral or parenteral 
administration. The Ga-68 PET formulations may contain 
conventional pharmaceutical carriers and excipients 
appropriate for the type of administration contemplated. 
25 For example, parenteral formulations advantageously 

contain a sterile aqueous solution or suspension of a-Ga-68 
ligand complex according to this invention. Various 
techniques for preparing suitable pharmaceutical solutions 
and suspensions are known in the art. Such solutions also 
30 may contain pharmaceutical^ acceptable buffers, 
stabilizers, antioxidants, and electrolytes, such as sodium 
chloride. Parenteral compositions may be injected directly 
or mixed with a large volume parenteral composition for 
systemic administration. 
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Formulations for. enteral administration may vary 
widely, as is well-known in the art. In general, such 
formulations include a diagnostically effective amount of 
a Ga-68 ligand complex in an aqueous solution or 
5 suspension. Such enteral compositions may optionally 
include buffers, surfactants, adjuvants, thixotropic 
agents, and the like. Compositions for oral administration 
jnay also contain flavoring agents and other ingredients for 
enhancing their organoleptic qualities. 

10 The diagnostic compositions within the scope of the 

present invention are administered in doses effective to 
achieve the desired PET image. Such doses may vary widely, 
depending upon the activity level of the Ga-68 generator, 
the organs or tissues which are the subject of the imaging 

15 procedure, the PET equipment being used, etc. Typical 
doses of the diagnostic compositions are in the range from 
about 0.1 to about 10 jimol/kg body weight, and preferably 
about 1 jjmol/kg body weight. 

The diagnostic compositions of this invention are used 

20 in a conventional manner in PET imaging procedures. 
Compositions may be administered in a sufficient amount to 
provide adequate visualization, to a warm-blooded animal 
either systemically or locally to an organ or tissues to be 
imaged, and the animal then subjected to the PET procedure. 

25 The following examples are offered to further 

illustrate the present invention. These examples are 
intended to be purely exeirplary and should not be viewed as 
a limitation on any claimed embodiment. 

30 Example 1 

Synthesis of 1 . 4 -bis (p-toluenesulfonvl> - 
It 4-diazabutane, 1 
In a 2L round bottom flask heated by a mantle and 
stirred mechanically, is placed ethylenediamine, 18g (0.30 
35 mole), sodium carbonate, 64g (0.60 mole), and 750mL 
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distilled water. The resulting clear solution is heated to 
75°C. To the reaction mixture is added p-toluenesulf onyl 
chloride, 125g (0.66 mole), in 5g batches over the course 
of a 45 minute, time period. Once the full amount of acid 
5 chloride is added, the mixture is stirred at 75°c 
overnight. The mixture is cooled to room temperature, and 
the white precipitate is collected by filtration. The 
^product is washed three times with distilled water, 250mL. 
The resulting white granular product is dried in a vacuum 

10 oven at 1mm and 45°C overnight. Yield 100. lg (98% based on 
ethylenediamine) . Identity and purity determination is 
made by X H and 13 NMR, thin layer chromatography (5% methanol 
in chloroform as eluent on normal phase silica plates), and 
elemental analysis. Material produced in this fashion is 

15 satisfactory for use without further purification. If 
needed, the product is recrystallized from boiling 
acetonitrile. 

Example 2 

20 Synthesis of 1, 5-bis (methanesulfonato) -3- 

me thanesul f onvl - 3 -azaoentane , 2 
In a 2L round bottom flask fitted with a water cooled 
condenser, immersion thermometer, 250mL addition funnel, 
and magnetically stirred, is placed diethanolamine, 30g 

25 (0.29 mole), and 300mL pyridine. During the course of the 
reaction the reaction mixture is kept cool by means^ of a 
water-ice bath. To the cooled reaction mixture is added 
me thanesul f onyl chloride, 73.4mL (108. 6g, 0.95mole) in a 
dropwise fashion. The acid chloride is added at a rate so 

30 as to keep the reaction mixture temperature at or below 
10°C. When the addition is complete, the mixture is warmed 
to room temperature and stirred overnight. The reaction 
mixture is cooled to 0° and 1L of 17% HC1, also at 0°C, is 
added. The brown precipitate which forms is^ollected and 

35 washed with distilled water until the filtrate is pH 
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neutral. The solid is dissolved in a minimum of warm, 
35°C, 50:50 mixture of methanol : acetone . A colorless 
crystalline solid is deposited in the flask upon cooling. 
Yield 22g (25% based on diethanolamine) . Identity and 
5 purity determination is made by *H and n C NMR, thin layer 
chromatography (2% methanol in chloroform as eluent on 
normal phase silica plates), and elemental analysis. 

Example 3 

10 Synthesis of 1.4-bis(p-toluenesulfonvl)-7- 

methanesulfonvl-1 . 4 , 7-triazacvclononane. 3 
In a 500 mL round bottom flask fitted with a nitrogen 
flushed, water cooled condenser, 125mL addition funnel, 
heated by a mantle and stirred magnetically, is placed 1,4- 

15 bis(p-toluenesulfonyl) -1,4-diazabutane, 1, lOg (0.030 
mole), potassium carbonate, 8.5g (0.062 mole), and lOOmL 
dry dimethyl formamide. The slurry is stirred and heated to 
35°C. To this mixture is added, via addition funnel, 1,5- 
bis (methanesulf onato) -3 -methanesulf onyl-3-azapentane, 2, 

20 9.5g (0.031 mole) in lOOmL dry DMF, in a dropwise fashion 
over a 3 hour time period. When the addition is con^>lete, 
allow the mixture to stir, with heat, for 4 days. After 
removing the reaction solvent by rotary evaporation add 
250g ice and shake vigorously. Collect the crude product 

25 by filtration and wash to neutral pH with distilled water. 
Place the crude product in a 500mL round bottom" ;;flask 
fitted with a water cooled reflux condenser, heated by 
mantle and magnetically stirred and add 200mL absolute 
ethanol. Reflux the slurry overnight and collect the white 

30 precipitate by filtration. Wash the white granular product 
with fresh absolute ethanol and air dry. Yield 12g (76% 
based on l, 4-bis (p-toluenesulfonyl) -1, 4-diazabutane) . 
Identity and purity determination is made by *H and 13 C NMR, 
thin layer chromatography (4% methanol in chloroform as 
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eluent on normal phase silica plates), and elemental 
analysis. 

Example 4 

5 Synthesis of methanesulfonvl-l,4,7-triazacvclononane. 4 
In a 1L round bottom flask fitted with a water cooled, 
nitrogen flushed condenser, heated by mantle and stirred 
^magnetically is placed l#4-bis(p-toluenesulfonyl)-7- 
methanesulf onyl-1 , 4 , 7-triazacyclononane, 38 . 8g ( 0 . 0752 

10 mole) , 300mL glacial acetic acid, and 150mL 48% hydrobromic 
acid. The mixture is heated to reflux for 72 hours. The 
wine red mixture is cooled to room temperature, and 90% of 
the reaction solvent is removed by means of rotary 
evaporation. 50mL 48% HBr is added, and the mixture is 

15 evaporated to a small volume again. This "washing" 
procedure is repeated twice more to remove all acetic acid. 
lOOmL absolute ethanol and 200mL diethyl ether are added, 
and the mixture stirred. The pale tan precipitate is 
collected by filtration and washed with 3 x lOOmL 50:50 

20 absolute ethanol : diethyl ether. The product is air dried. 
The collected solid is placed in a 500mL round bottom flask 
fitted with a water cooled, nitrogen flushed condenser, 
heated by mantle and stirred magnetically. Sodium 
hydroxide pellets, 18g (0.45 mole) and 250mL toluene are 

25 added to the mixture. The mixture is refluxed overnight. 
The particulate solid present is removed by vacuum 
filtration and washed with 3 x 25mL fresh hot toluene. The 
combined filtrates are concentrated to approximately 60mL, 
by boiling, and allowed to cool slowly to room temperature. 

30 The colorless crystals are collected by vacuum filtration 
and washed with 2 x lOmL, 0°C, fresh toluene. The 
collected product is air dried. Yield 11. Ig (71% based on 
1, 4 -bis (p-toluenesulf onyl ) -7 -met hanesulf onyl-1 , 4,7- 
triazacyclononane) . Identity and purity determination is 

35 made by *H and n C NMR, thin layer chromatography (20% 
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ammonium hydroxide in methanol as eluent on normal phase 
silica plates), and elemental analysis. 

Example 5 

5 Synthesis of 4,10-bis(methanesulfon vl)-l,4.7,10- 

tetraazabicyclo-f5.5-21-tetrad ecane) . S 
In a 1L round bottom flask fitted with a water cooled, 
-jiitrogen flushed condenser, a 500mL addition funnel, heated 
by mantle and stirred magnetically is placed methane- 

10 sulfonyl-l,4,7-triazacyclononane, 4; 5g (0.024 mole) 
potassium carbonate, 6.6g (0.048 mole) and 200mL dry N,N- 
dimethylformamide. The mixture is heated to 80°C and by 
means of the addition funnel, 1, 5-bis (methanesulfonato) -3- 
methanesulfonyl-3-azapentane, 2, 9.0g (0.0265 mole), in 

15 . 300mL dry N,N-dimethylformamide, is added in a dropwise 
fashion over a 6 hour time period. The mixture is stirred 
an additional three days upon completion of the addition. 
The volume of the mixture is reduced to a thick paste by 
means of a rotary evaporator. 500g ice are added to the 

20 residue and shaken thoroughly. The tan precipitate is 
collected by filtration and washed to neutral pH with fresh 
distilled water. The solid is transferred to a 500mL round 
bottom flask fitted with a water cooled condenser, heated 
by mantle and magnetically stirred. 250mL absolute ethanol 

25 are added, and the mixture is refluxed overnight. The 
precipitate is collected by filtration. The "white 

granular solid is washed with fresh hot absolute ethanol 
and allowed to air dry. The solid is dissolved in a 
minimum of boiling 80:20 acetonitrile: absolute ethanol, 

30 filtered and allowed to cool slowly to room temperature. 
The colorless crystal is collected by filtration, washed 
with cold, 0°C, 50:50 acetonitrile: absolute ethanol, and 
allowed to air dry. Yield 5. 7g (67% based on methane- 
sulfonyl-l,4,7-triazacyclononane) . Identi"?^ and purity 

35 determination is made by *H and 13 C NMR, thin layer 
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chromatography (5% ethanol in ethyl acetate as eluent on 
normal phase silica plates), and elemental analysis. 

Example 6 

5 Synthesis of l,4,7,10-tetraazabicvclof5.5.21- 

tetradecane, 6 
In a 250ml* round bottom flask fitted with a water 
-•cooled, nitrogen flushed condenser, 125mL pressure 
equalized addition funnel , heated by mantle and stirred 

10 magnetically is placed 4, 10-bis(methanesulfonyl)-l,4,7,10- 
tetraazabicyclo [5. 5.2) tetradecane) , 5g (0.014 mole) and 
75mL dry tetrahydrofuran. 105mL of 3.4M solution of sodium 
bis ( 2 -methoxyethoxy) aluminum hydride (RED-A1®) in toluene 
are slowly added by means of the addition funnel. When the 

15 addition is complete, the reaction is warmed to gentle 
reflux overnight. The volatiles are then removed from the 
reaction mixture by vacuum distillation, and the residue is 
cooled to ca. 10°C by means of a water-ice bath. lOOmL 
water are slowly added, being careful not to allow the 

20 mixture to overheat or froth excessively. This mixture is 
acidified with concentrated hydrochloric acid to pH = 1 . 
The mixture is then filtered to remove any particulate 
matter formed and transferred to a 1L separatory funnel. 
The aqueous solution is extracted with 3 x 250mL toluene. 

25 After transferring the aqueous layer to a 500mL Erlenmeyer 
flask, sodium hydroxide pellets are added to make pH = 14 . 
The mixture is cooled, transferred to a separatory funnel, 
and extracted with 3 x 200mL toluene. The combined toluene 
extracts are dried with sodium sulfate, and the solution 

30 filtered to remove particular matter. After the solution 
is concentrated .to 25mL and cooled to 0°C, the pale yellow 
crystals are collected and dried under vacuum. Yield 1.70g 
(61% based on 4, 10-dimethanesulf onyl (1, 4 , 7 , 10-tetraaza- 
bicyclo[5.5.2] tetradecane. Identify and purity 

35 determination is made by *H and 13 C NMR, thin layer 
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chromatography (15% ammonium hydroxide in methanol as 
eluent on normal phase silica plates) , and elemental 
analysis. 

5 Example 7 

Synthesis of 4.10-bis(2-mercaptoethvl) -1,4.7. 10- 
tetraazabicvclo f 5 . 5 . 2 1 - 1 et radecane « trihvdrochlor ide . 7 
^ To a two-neck lOOmL round bottom flask, fitted with a 
water cooled, nitrogen flushed, condenser, 124mL pressure 

10 equalized addition funnel, heated by mantle and stirred 
magnetically, containing 1,4,7, 10-tetraazabicyclo [ 5 . 5.2]- 
tetradecane, 6, 0.5g (0.0025) mole) in 25mL toluene is 
slowly added ethylene sulfide, 330^L <0.33g, 0.0055mole) in 
25mL toluene. The reaction mixture is heated to 45°C 

15 during the addition. After the addition is conqplete, the 
mixture is stirred at 45°C for an additional 2 hours. The 
mixture is transferred to a clean 250mL round bottom flask, 
and all of the volatiles are removed by rotary evaporation. 
lOOmL of a 50:50 mixture absolute ethanol : diethyl ether are 

20 added to the mixture, and the mixture is swirled. 15mL 
concentrated hydrochloric acid are slowly added, and the 
mixture is cooled to 0°C. The white flowery crystals are 
collected by filtration and washed with 2 x 50mL warm 
diethyl ether. Yield 0.95g (89% based on starting 

25 l,4,7,10-tetraazabicyclo[5.5.2]-tetradecane) . Identity and 
purity determination is made by *H and n C NMR; mass 
spectroscopy, and elemental analysis. 

Example 8 

30 Synthesis of 4, IQ-bis(carboxvmethvl) -1 .4,7,10- 

tet raazabicvclo f 5 . 5 . 2 ] -tet radecane f fi 
To a lOOmL round bottom flask, stirred magnetically 
and heated with a mantle to 40°C, containing 1,4,7,10- 
tetraaza-bicyclo[5.5.2] tetradecane, 6, 0.5g*(0.0025 mole) 
35 in water is added bromoacetic acid, 0.7g (0.0055 mole), 
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dropwise. The pH of the reaction mixture is monitored and 
maintained at pH=13 with 5N sodium hydroxide solution . 
Once addition is complete, the mixture is allowed to stir 
an additional 3 hours, with the pH of the reaction mixture 
5 adjusted with 5N sodium hydroxide, as needed to maintain 
pH=13. The mixture is stirred an additional 3 hours after 
the pH has stabilized. The pH of the reaction mixture is 
-~then adjusted to pH=7.5 with 10% hydrochloric acid, and the 
mixture is evaporated by rotary evaporation. The 

10 hydrochloric acid is extracted, and the mixture is again 
evaporated by rotary evaporation. The residue is extracted 
with 3 x 250mL methanol. The combined methanol extracts 
are filtered and concentrated to 15mL volume by rotary 
evaporation. To this solution is added 25mL 1,2- 

15 dimethoxyethane and stirred overnight. The white product 
is collected by filtration. The yield is 0.49g (62% based 
on 1,4,7, 10- tetraazabicyclo [5.5.2] t etradecane . Identity 
and purity determination is made by *H and n C NMR, thin 
layer chromatography (10% ammonium hydroxide in methanol as 

20 eluent on normal phase silica plates) , and elemental 
analysis. < 

Example 9 

Synthesis of 4 . 10-bis (2-hvdroxvbenzvl) -1 . 4, 7 . 10* 
25 tetraazabicyclo T 5 . 5 . 2 1 -tetradecane , 9 

To a two-neck lOOmL round bottom flask, fitted -with a 
water cooled, nitrogen flushed, condenser, 125mL pressure 
equalized addition funnel, heated by mantle, stirred 
magnetically, and containing 1,4,7, 10-tetraazabicyclo- 
30 (5.5.2] tetradecane, £, 0.5g (0.0025 mole) in 25mL methanol 
is added formaldehyde, as a 37% w/w solution, 2.41mL 
(0.45g, 0.0055 mole), and the mixture is allowed to stir at 
40°C for three hours. Phenol, 0.52g (0.0055 mole), in 30mL 
methanol, is added dropwise to the yellow reaction mixture 
35 via the additional funnel. The mixture is stirred at 45°C 
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overnight. The reaction is transferred to a single neck 
lOOmL round bottom flask, and all volatiles are removed 
from the reaction mixture by rotary evaporation. The 
residue is extracted with 3 x 50mL diethyl ether, and the 
5 combined extracts are dried with a small amount of 
magnesium sulfate. The mixture is filtered to remove the 
drying agent and concentrated to 10ml* by boiling the 
-•solution. The mixture is slowly cooled to room temperature 
to affect crystallization of the product. Yield 0.30g (29% 
10 based on starting 1, 4, 7, 10-tetraazabicyclo[5.5 .2] - 
tetradecane. Identity and purity determination is made by 
A H and 13 C NMR, thin layer chromatography (ethyl acetate as 
eluent on normal phase silica plates), and elemental 
analysis . 

15 

Example 10 

Synthesis of 7, 10-bis (mercantoethvl) -1, 4,7,10- 
tetraazabicvclo f 8 . 2 . 2 1 - tetradecane . 11 
To a two-neck lOOmL round bottom flask, fitted with a 

20 water cooled, nitrogen flushed, condenser, 125mL pressure 
equalized addition funnel, heated by mantle and stirred 
magnetically, containing 1,4,7 , 10-tetraazabicyclo [8 . 2.2]- 
tetradecane, JL0, (prepared according to the procedure 
described by A. Ramasubbu et al., J. Chem. Soc. Chem. 

25 Comm. , p. 277, 1982) 0.5g (0.0025 mole) in 15mL toluene is 
slowly added ethylene sulfide, 330^L (0.33g, 0.0055- mole) 
in 25mL toluene. The reaction mixture is heated to 45°C 
during the addition. When the addition is complete, the 
mixture is stirred at 45°C for an additional 2 hours. The 

30 mixture is then transferred to a clean 250 mL round bottom 
flask, and the volatiles are removed by rotary evaporation. 
lOOmL of a 50:50 mixture absolute ethanol : diethyl ether are 
added and the mixture is swirled. 15mL of concentrated 
hydrochloric acid are slowly added, and mixture is 

35 cooled to 0°C. The white flowery crystals are collected by 
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filtration and washed with 2 x 50mL warm diethyl ether. 
Yield 0.94g (87% based on starting 1,4,7,10- 
tetraazabicyclo[8.2.2] tetradecane) . Identity and purity 
determination is made by l H and 13 C NMR, mass spectroscopy, 
5 and elemental analysis. 

Example 11 

Synthesis of 7, 10 -bis (carboxvmethvl) -1 , 4 . 7 . 10- 
tetraazabicvclo f8 . 2.21 - tetradecane , 12 

10 To a lOOmL round bottom flask, stirred magnetically 

and heated with a mantle to 40°C, containing 1,4,7,10- 
tetraazabicyclo [8. 2 .2] tetradecane, 10, (prepared according 
to the procedure described by A. Ramasubbu et al., J, Chem. 
Soc. Chem. Comm. , p. 277, 1982) 0.5g (0.0025 mole) in water 

15 is added brombacetic acid, 0.76g (0.0055 mole), dropwise. 
The pH of the reaction mixture is monitored and maintained 
at pH=13 with 5N sodium hydroxide solution. When the 
addition is complete, the mixture stirred an additional 3 
hours, with the pH of the reaction mixture adjusted with 5N 

20 sodium hydroxide, as needed to maintain pH=13 . The mixture 
is stirred an additional 3 hours, once pH has stabilized. 
The pH of the reaction mixture is then adjusted to pH=7.5 
with 10% hydrochloric acid. The mixture is evaporated by 
rotary evaporation, and the residue is extract with 3 x 

25 250mL methanol. The combined methanol extracts are 
filtered and then concentrated to 15mL volume by rotary 
evaporation. 25mL 1, 2-dimethoxyethane is added to this 
solution and stirred overnight. The white product is 
collected by filtration. Yield 0.49g (62% based on 

30 l,4,7,10-tetraazabicyclo[8.2.2] tetradecane. Identity and 
purity determination is made by *H and n C NMR, thin layer 
chromatography (10% ammonium hydroxide in methanol as 
eluent on normal phase silica plates), and elemental 
analysis. 

35 
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Example 12 

Synthesis of 7. 10-bis (2-hvdroxvbenzvl) -1 , 4 ,7 . 10- 

tetraazabicvclo f 8 . 2 . 2 1 -tetradecane . 13 
To a two-neck lOOmL round bottom flask, fitted with a 
5 water copied, nitrogen flushed, condenser, 125mL pressure 
equalized addition funnel, heated by mantle stirred 
magnetically, and containing 1,4,7,10-Tetraazabicyclo- 
-*(8. 2. 2] tetradecane, 10, (prepared according to the 
procedure described by A. Ramasubbu et al., J. Chem. Soc. 

10 Chem. Comm. , p. 277, 1982) 0.5g (0.0025 mole) in 25mL 
methanol is added formaldehyde, as a 37% w/w solution, 
0.4mL (0.45g, 0.0055 mole). The mixture is stirred at 40°C 
for three hours. Phenol, 0.52g (0.0055 mole), in 30mL 
methanol, is added dropwise via the addition funnel to the 

15 yellow reaction mixture. The mixture is stirred at 45°C 
overnight. The reaction mixture is transferred to a single 
neck lOOmL round bottom flask, and all volatiles are 
removed from the reaction mixture by rotary evaporation. 
The residue is extracted with 3 x 50mL diethyl ether, and 

20 the combined extracts are dried with a small amount of 
magnesium sulfate. The mixture is filtered to remove the 
drying agent, and the filtrate is concentrated to lOmL by 
boiling the solution. The mixture is then cooled slowly to 
room temperature to affect crystallization of the product. 

25 Yield 0.30g (29% based on starting 1,4,7,10- 
tetraazabicyclo[ 8. 2. 2] -tetradecane. Identity and purity 
determination is made by 'H and n C NMR, thin layer 
chromatography (ethyl acetate as eluent on normal phase 
silica plates), and elemental analysis. 

30 

Example 13 

Synthesis of 1 , 5-bis (p-toluenesulfonato) - 
3-methvl-3-azapentane, 14 . 
In a three-neck 2L round bottom flask fitted with a 
35 water cooled condenser, immersion thermometer, two 250mL 



WO 94/04485 



PCT/US93/07769 



23 

addition funnels, and magnetically stirred, is placed N- 
methyl-diethanolamine, 28.7mL (29. 8g, 0.25 mole), and lOOmL 
dichloromethane and lOOmL distilled water. The pH of the 
aqueous layer is adjusted to pH=10. During the course of 
5 the reaction the reaction mixture is kept cool by means of 
a water-ice bath. To the cooled reaction mixture is added 
p-toluene-sulfonyl chloride, 104. 9g (0.55 mole), in 150mL 
^dichloromethane, in a dropwise fashion. Coincident to the 
addition of the acid chloride is added 25% w/w solution 

10 sodium hydroxide- The acid chloride and sodium hydroxide 
solutions are added at a rate so as to keep the pH of the 
aqueous reaction layer at pH=10. When the addition is 
complete, the mixture is warmed to room temperature and 
stirred for 2 hours. The organic layer is removed by 

15 siphon and treated with magnesium sulfate to dry. The 
solution is filtered to remove the magnesium sulfate. The 
dichloromethane is removed by rotary evaporation. The 
residue is dissolved in a minimum of warm, 35°C, 5:75:20 
mixture of acetone :acetonitrile:hexane. A colorless 

20 crystalline solid is deposited in the flask upon cooling. 
Yield 66. 3g (67% based on N-methyl-diethanolamine) . 
Identity and purity determination is made by l H and n C NMR, 
thin layer chromatography (methanol as eluent on normal 
phase silica plates), and elemental analysis. 

25 

Example 14 

Synthesis of 1. 4-bis(p-toluenesulfonvl) * 
7-methvl-l, 4, 7-triazacvclononane, 15 , 
To a three-neck 1L round bottom flask, fitted with a 
30 water cooled, nitrogen flushed condenser, 250mL pressure 
compensated addition funnel, heated by mantle, stirred 
magnetically and containing sodium hydride, 1.44g (0.060 
mole), slurried in dry N,N~dirnethylf ormamide, is added 1,4- 
bis(p-toluenesulfonyl)-l,4-diazabutane, 1** lOg (0.027 
35 mole), in lOOmL dry N,N-dimethy If ormamide, via the addition 
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funnel. During the course of the addition the reaction 
mixture is kept at 45°C. When the addition is complete, 
the mixture is stirred an additional two hours. To this 
warm mixture is added 1, 5-bis(p-toluenesulfonato) -3-methyl- 
5 3-azapentane, 12. 7g (0.030 mole), in lOOmL dry N,N- 
dimethylformamide, dropwise, over a 6 hour period. When 
the addition is complete, the mixture is stirred an 
^additional 72 hours. The reaction mixture is transferred 
to a clean 1L round bottom flask and concentrated to a 

10 thick paste by rotary evaporation. 250g ice are added, and 
the mixture is shaken vigorously. The crude product is 
collected by filtration and washed to neutral pH with 
distilled water. The crude solid is dried in vacuo (1 
mmHg) and dissolved a minimum of boiling acetonitrile. The 

15 reaction mixture is filtered to remove solid impurities, 
and allowed to cool to room temperature slowly, to affect 
crystallization. Yield 8.3g, 68% (based on starting 1,4- 
bis(p-toluenesulfonyl)-l,4-diazabutane) . Identity and 
purity determination is made by *H and 13 C NMR, thin layer 

20 chromatography (20% ethanol in ethyl acetate as eluent on 
normal phase silica plates), and elemental analysis. 

Example 15 

Synthesis of methyl -1, 4 .7-triazacvclononane, 16. 

25 In a 500mL round bottom flask, fitted with a water 

cooled, nitrogen flushed, condenser, heated by mantle and 

stirred magnetically, is placed 1, 4-bis (p-toluenesulfonyl) - 

7-methyl-l,4,7--triazacyclonane, 15, 8g (0.018 mole), 150mL 

glacial acetic acid and 75mL 48% hydrobromic acid. The 
* 

30 mixture is refluxed for 96 hours and concentrated by rotary 
evaporation. lQOmL 48% hydrobromic acid is added to the 
residue, and the mixture is again concentrated by rotary 
evaporation. lOmL 48% hydrobromic acid and lOOmL ethanol 
are added to the residue. The mixture is cooled to 5°C by 

35 means of an ice-water bath, and 300mL diethyl ether are 
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slowly added and mixed thoroughly. The off white 
precipitate is collected by filtration and washed with 2 x 
50mL carbon tetrachloride and 4 x 100ml* fresh diethyl 
ether. The solid is dried on the filter with suction and 
5 transferred to a lOOmL round bottom flask. 75mL toluene 
are added. Sodium hydroxide pellets, 5g, are added, and 
the mixture is refluxed with a Dean-Stark trap for 12 
-Jiours. The hot mixture is filtered to remove the unreacted 
sodium hydroxide pellets and resulting sodium bromide. The 

10 filtrate is concentrated to 20mL volume and cooled to 
affect crystallization. Yield 2.3g, 91% (based on 1,4- 
bis (p-toluenesulf onyl) -7-methyl-l , 4 , 7-triazacyclonane) . 
Identity and purity determination is made by *H and 13 C NMR, 
thin layer chromatography (15% concentrated ammonium 

15 hydroxide in methanol as eluent on normal phase silica 
plates), and elemental analysis. 

Example 16 

Synthesis of 1, 4-bis (2-mercaptoethvl) -7-methvl- 

20 1 , 4 , 7 - triazacvclononane • dihvdrochloride . 17 . 

To a two-neck lOOmL round bottom flask, fitted with a 
water cooled, nitrogen flushed, condenser, 125mL pressure 
equalized addition funnel, heated by mantle and stirred 
magnetically, containing methyl-1 , 4, 7-triazacyclononane, 

25 16, 0.5g (0.0035 mole) in 25mL toluene is slowly added 
ethylene sulfide, 460HL (0.46g, 0.0077 mole) in 25mL 
toluene. The reaction mixture is heated to 45°C during the 
addition. When the addition is complete, the mixture is 
stirred at 45°C for an additional 2 hours and. transferred 

30 to a clean 250mL round bottom flask. All of the volatiles 
are removed by. rotary evaporation. lOOmL of a 50:50 
mixture absolute ethanol : diethyl ether are added and 
swirled. 15mL concentrated hydrochloric acid are slowly 
added, and the mixture is cooled to 0°C. The* white flowery 

35 crystals are collected by filtration and washed with 2 x 
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50mL warm diethyl ether. Yield 0.62g (48% based on 
starting methyl-l,4,7-triazacyclononane> . Identity and 
purity determination is made by *H and n C NMR, mass 
spectroscopy, and elemental analysis. 

5 

Example 17 

Synthesis of 1. 4-bis (car boxvmethyl) -7-methvl- 
-~ 1.4.7 -triazacvcl ononane , 18 . 

To a lOOmL round bottom flask, stirred magnetically 

10 and heated with a mantle to 40°C, containing methyl-1,4,7- 
triazacyclononane, 16, 0.5g (0.0035 mole), in water is 
added bromoacetic acid, l.lg (0.0077 mole), dropwise. The 
pH of the reaction mixture is monitored during the addition 
and maintained at pH=13 with 5N sodium hydroxide solution. 

15 When the addition is complete, the mixture is stirred an 
additional 3 hours, adjusting the pH of the reaction 
mixture with 5N sodium hydroxide, as needed to maintain 
pH=13, Once pH has stabilized, the mixture is stirred an 
additional 3 hours. The pH of the reaction mixture is then 

20 adjusted to pH-7.5 with 10% hydrochloric acid, and the 
mixture is evaporated by rotary evaporation. The residue 
is extracted with a 3 x 250mL methanol. The combined 
methanol extracts are filtered and concentrated to 15mL 
volume by rotary evaporation. To this solution, 25mL 1,2- 

25 dimethoxyethane are added, and the mixture is stirred 
overnight. The white product is collected by filtration. 
Yield 0.55 g (61% based on methyl-1, 4,7-triazacyclononane) . 
Identity and purity determination is made by *H and 13 C NMR, 
thin layer chromatography (10% ammonium hydroxide in 

30 methanol as eluent on normal phase silica plates) , and 
elemental analysis. 
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The reactor is then fitted with a Dean-Stark trap and 
refluxed overnight. Azeotropically distilled water, 7mL, 
is collected in the trap. The volatiles are removed by 
rotary evaporation, and the residue is dissolved in 
5 chloroform, 250mL. The mixture is concentrated to give an 
orange solid which is collected by vacuum filtration on a 
glass frit. The filtrate is concentrated to obtain more 
precipitate which is collected as before. The process is 
repeated a third time. The combined crops are slurried in 

10 acetonitrile, 300mL, and the resulting off-white solid is 
collected by filtration. The acetonitrile washing step is 
repeated two more times to give a nearly white powdery 
solid. Yield 47. 7g (69.1% based on starting 

diethylenetriamine. ) Identity and purity determination is 

15 made by and 13 C NMR, thin layer chromatography (5% 
methanol in chloroform as eluent on normal phase silica 
plates), and elemental analysis. 

Example 20 

20 Synthesis of l,7-bis(phthalimido) -4-methvl- 

1.4, 7 - triazaheotane , 21 . 
In a 1L round bottom flask, fitted with a water cooled 
condenser, a 250mL additional funnel, an immersion 
thermometer, heated by mantle and stirred magnetically, is 

25 placed l,7-bis(phthalinudo)-l,4,7-triazaheptane, 20* 30g 
(0.083 mole) , potassium carbonate, 12. 6g (0.091 mole),, and 
acetonitrile, 300mL. The mixture is heated to 50°C. A 
solution containing iodomethane, 5.7mL (12. 9g, 0.091 mole), 
in acetonitrile is added dropwise. The mixture is allowed 

30 to stir, with heating overnight. The volatiles are removed 
from the mixture. by rotary evaporation, and the residue is 
extracted with chloroform, 250mL. The solution is filtered 
and concentrated to a volume lOOmL. The mixture is cooled 
to 5-10°C to affect crystallization. The^crystals are 

35 collected by vacuum filtration and washed with cold 
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acetone. Yield 18. 2g (58% based on starting 1,7- 
bis (phthalimido^l, 4, 7- triazaheptane. Identity and purity 
determination is. made by *H and l3 C NMR, thin layer 
chromatography (2% methanol in chloroform as eluent on 
5 normal phase silica plates), and elemental analysis. 

Example 21 

^ Synthesis of 4-methvl-l. 4 . 7-triazahentane, 22. 

In 500mL round bottom flask, fitted with a water 

10 cooled reflux condenser, heated by mantle and stirred 
magnetically, is placed 1,7-bis (phthalimido) -1, 4, 7- 
triazaheptane, 20, 15g (0.040 mole), hydrazine, 35% w/w in 
water, 36mL (36. 4g, 0.4 mole) and methanol, 225mL. The 
mixture is heated to reflux overnight. The mixture is then 

15 cooled to 35°C, and ammonium hydroxide is added. The 
mixture is stirred an additional 2 hours. The white 
precipitate is removed by vacuum filtration and washed 
thoroughly with 10% ammonium hydroxide in methanol. The 
filtrate is concentrated to a thick oil by rotary 

20 evaporation, and the residue is treated with toluene, 
150mL, and magnesium sulfate, 15g. Allow the mixture to 
stand for 4 hours. The solids are removed by filtration, 
and the filtrate is transferred to 250mL round bottom flask 
for vacuum distillation. Vacuum distill the mixture at 

25 1 mmHg and save the fraction distilling at 42-45°C. Yield 
2.6g, (55% based on starting 1,7-bis (phthalimido) 4,7- 
triazaheptane) . Identity and purity determination is made 
by *H and 13 C NMR, thin layer chromatography (25% ammonium 
hydroxide in methanol as eluent 'on normal phase silica 

30 plates), and elemental analysis. 

Example 22 

Synthesis of 6-methvl-3 . 6 . 9-triazaundecane, 23. 
In a three neck 250mL round bottom flafk, fitted with 
35 a water cooled reflux condenser, 2 x 250mL addition 
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funnels, cooled in a water-ice bath and stirred 
magnetically, is placed 4-methyl-l,4,7-triazaheptane, 22, 
2g (0.017 mole), sodium hydroxide, 2g {0.050 mole), water, 
50mL, and dichloromethane, 50mL. To this mixture is added 
5 a solution of acetyl chloride, 3mL (3.3g, 0.042mole) in 
dichloromethane, 25mL. Also added, at a rate so as to 
maintain pH>12, is a 0.5M solution of sodium hydroxide. 
^When the addition is complete, the. ice-water bath is 
removed, and the mixture is stirred for 3 hours. The pH of 

10 the aqueous layer is maintained greater than 12, and the 
mixture is transferred to a 500mL separatory funnel. The 
organic layer is collected and washed with 3 x lOOmL, 10% 
sodium hydroxide. The organic layer is collected and 
treated with 5g magnesium sulfate overnight. The solids 

15 are removed from the mixture by filtration, and the 
filtrate is evaporated to a thick oil. The residue is 
extracted with dry tetrahydrof uran and transferred to a 
nitrogen flushed round bottom flask, fitted with a nitrogen 
flushed pressure compensated addition funnel. Borane- 

20 tetrahydrofuran complex, 1M in tetrahydrof uran, 50mL, is 
added dropwise via the addition funnel. The reducing agent 
is added at a rate which will not heat the mixture. The 
mixture is stirred overnight. The addition funnel is 
removed, under nitrogen purge, and a nitrogen flushed, 

25 water cooled condenser is attached. The mixture is heated 
to reflux for two hours and then cooled to* room 
temperature. The volatiles are removed by rotary 
evaporation. Hydrochloric acid, 200mL 10% solution, is 
carefully added with rapid stirring. The mixture is 

30 filtered to remove any solids formed, and the pH of the 
solution is adjusted to pH=13 with sodium hydroxide 
pellets. The mixture is cooled to room temperature, 
transferred to a separatory funnel, and extracted with 3 x 
lOOmL diethyl ether. The combined ether ^fractions are 

35* treated with 20g magnesium sulfate and allowed to stand 
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overnight. The mixture is filtered to remove the solids 
present. The filtrate is transferred to a 500mL round 
bottom flask for vacuum distillation. Upon vacuum 
distillation at 1 irariHg, the fraction distilling at 48-52°C 
5 is saved. Yield 2.2g, 76% based on starting 4-methyl- 
1,4,7-triazaheptane) . Identity and purity determination is 
made by A H and "C NMR, thin layer chromatography (25% 
-^ammonium hydroxide in methanol as eluent on normal phase 
silica plates) , and elemental analysis. 

10 

Example 23 

Synthesis of 3 , 9-bis (2-mercaotoethvl ) -6-methvl- 

3 . 6 , 9 - 1 r iazaundecane - dihvdrochloride , 24 . 
To a two-neck lOOmL round bottom flask, fitted with a 

15 water cooled, nitrogen flushed, condenser, 125mL pressure 
equalized addition funnel, heated by mantle and stirred 
magnetically, containing 6-methyl-3, 6, 9-triazaundecane, 23 . 
0.5g (0.0029 mole) in 25mL toluene is slowly added ethylene 
sulfide, 380J1L (0.38g, 0.0064 mole) in 25mL toluene. The 

20 reaction mixture is heated to 45°C during the addition. 
When the addition is complete, the mixture is stirred at 
45°C for an additional 2 hours and then transferred to a 
clean 250mL round bottom flask. All of the volatiles are 
removed by rotary evaporation. lOOmL of a 50:50 mixture 

25 absolute ethanol: diethyl ether are added, and the mixture 
is swirled. 15mL concentrated hydrochloric acid are -slowly 
added, and the mixture is cooled to 0°C. The white flowery 
crystals are collected by filtration and washed with 
2 x 50mL warm diethyl ether. Yield 0.85g (80% based on 

30 starting 6-methyl-3, 6, 9-triazaundecane) . Identity and 
purity determination is made by l H and X3 C NMR, mass 
spectroscopy, and elemental analysis. 
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Example 24 

Synthesis of 3.9-bis( carboxvmethvl ) -6-methvl- 
3,6. 9-triazaundecane. 25 . 
To a lOOxnL round bottom flask, stirred magnetically 
5 and heated with a mantle to 40°C, containing 6-methyl- 
3, 6, 9-triazaundecane, 23, 0.5g (0.0029 mole), in water is 
added bromoacetic acid, 0.88g (0. 0064 mole) , dropwise. The 
jpH of the reaction mixture is monitored and maintained at 
pH=13 with 5N sodium hydroxide solution. When the addition 

10 is complete, the mixture is stirred an additional 3 hours, 
adjusting the pH of the reaction mixture with 5N sodium 
hydroxide, as needed to maintain pH=13. Once pH has 
stabilized, the mixture is stirred an additional 3 hours. 
The pH of the reaction mixture is adjusted to pH=7.5 with 

15 10% hydrochloric acid, and the mixture is evaporated by 
rotary evaporation. The residue is extracted with 
3 x 250mL methanol. The combined methanol extracts are 
filtered and concentrated to 15mL volume by rotary 
evaporation. 1, 2-dimethoxyethane, 25mL, is added to this 

20 solution and stirred overnight. The white powdery product 
is collected by filtration. Yield 0.52g (62% based on 6- 
methyl-3, 6, 9-triazaundecane. Identity and purity 

determination is made by *H and l3 C NMR, thin layer 
chromatography (10% ammonium hydroxide in methanol as 

25 eluent on normal phase silica plates), and elemental 
analysis. 

Example 25 

Synthesis of 3. 9-bis(2-hvdroxvbenzvl) -6-methvl- 
30 3,6. 9-triazaundecane. 26 . 

To a two-neck lOOmL round bottom flask, fitted with a 
water cooled, nitrogen flushed, condenser, 125mL pressure 
equalized additional funnel, heated by mantle stirred 
magnetically and containing 6-methyl-3, 6, 9-t^azaundecane, 
35 23, 0.5g (0.0029 mole), in 25mL methanol is added 



WO 94/04485 



PCT/US93/07769 



33 

formaldehyde, as a 37% w/w solution, 0.47mL (0.52g, 0.0064 
mole) , and the mixture allowed to stir at 40°C for three 
hours. Phenol, 0.60g (0,0064 mole), in 30mL methanol, is 
added dropwise to the yellow reaction mixture via the 
5 addition funnel. The mixture is stirred at 45°C overnight 
and transferred to a single neck lOOmL round bottom flask. 
All volatiles are removed from the reaction mixture by 
^rotary evaporation. The residue is extracted with 3 x 50mL 
dietlyl ether. The combined extracts are dried with a 

10 small amount of magnesium sulfate. The mixture is filtered 
to remove the drying agent, and the filtrate is 
concentrated to lOmL by boiling the solution. The mixture ~ 
is cooled slowly to room temperature to affect 
crystallization of the product. Yield 0.30g (27% based on 

15 starting methyl-l,4,7-triazacyclononane. Identity and 
purity determination is made by *H and 13 C NMR, thin layer 
chromatography (ethyl acetate as eluent on normal phase 
silica plates), and elemental analysis. 

20 Example 26 

Synthesis of 1 . 7 , -bis (3-r>entene-2-one-4-vl) - 
4-methvl-l. 4,7-triazaheptane, 27 ■ 
To a two-neck lOOmL round bottom flask, fitted with a 
water cooled, nitrogen flushed, condenser, l25mL pressure 

25 equalized addition funnel heated by mantle and stirred 
magnetically, containing 4 -methyl-1, 4,7-triazaheptane, 22, 
0.5g (0.0043 mole) in 25mL diethyl ether is slowly added 
acetylacetone 0.96mL (0.94g, 0.094 mole) in 25mL diethyl 
ether. An immediate precipitate forms. The mixture is 

30 heated to reflux overnight. The reaction mixture is cooled 
to room temperature, and the yellow solid is collected by 
filtration. The solid powder is washed with 2 x 50mL fresh 
diethyl ether and dried with suction on the filter pad. 
The solid is dissolved in a minimum of foiling 50:50 

35 acetone -.ethyl acetate. Yield l.lg (89% based on starting 
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4-methyl-l, 4 , 7-triazaheptane) . Identity and purity 
determination is made by *H and l3 C NMR. thin layer 
chromatography (50% ethyl acetate in hexanes as eluent on 
normal phase silica plates), and elemental analysis. 

5 

From the foregoing, it will be appreciated that the 
present invention provides ligands which form stable 
^complexes with Ga-68 and which contain suitable pendant 
substituents that permit organ targeting th perfusion 

10 characteristics akin to a potassium mimic. 

The invention may be embodied in other specific forms 
without departing from its spirit zr essential 
characteristics. The described embodiments are to be 
considered in all respects only as illustrative and not 

15 restrictive. The scope of the invention is, therefore, 
indicated by the appended claims rather than by the 
foregoing description. All changes which cccne within the 
meaning and range of equivalency of the claims are to be 
embraced within their scope. 

20 What is claimed is: 
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1 A ligand capable of complexing Ga-68 having a 
generic, formula: 



10 



20 



wherein A, and B, may be the same or different -CR^. where 
R t and R* may be oxygen, as in a carbonyl unit, or a C 0 -C, 
substituted alkyl chain having as substituents hydrogen, 
15 alkyl, hydroxyl, ether, ester, carboxylic acid, thiol, 
sulfide, thio-carboxylic acid, amine, amide, hydroxyamine, 
phosphine, phosphite, phosphinate, or arene wherein the 
carbon-containing substituent groups have from 1 to 4 
carbon atoms; E» and E n are linking groups having the 
general formula: -A-Q-B-; n is from 0, 1 or 2, m is 0, 1 



I 



t,**. ». 6 f. •* o^.-n-r " .. .. . in » 



or ^/"\ r 'is' o, 1 or 2; 6 is a terminating unit having the 
general formula -CR^,, where R„ R 2 and R, may a C G -C 4 
25 substituted alkyl chain having as substituents hydrogen, 
alkyl, hydroxyl, ether, ester, carboxylic acid, thiol, 
sulfide, thio-carboxylic acid, amine, amide, hydroxyamine, 
phosphine, phosphite, phosphinate, or.^arene wherein the 
carbon-containing substituent groups have from 1 to 4 
30 carbon atoms, R, is a metal binding group such as phenol, 
carboxylate, mercaptomethyl , or acetylacetonyl when E„ is 
not zero; F has the same general formula as A, and B„, 
above, but when E. is zero^ then F is a terminating unit 
having the_general_formula of G, where R 3 contains the metal 
35 binding unit; when E n is zero, then A, and B 3 ~re terminating 
units having the general formula of G, where Rj is not a 
metal binding group; Q is an sp 1 nitrogen atom; Q' is an sp 3 
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is 




^ k is 2, 



36 

or sp 2 nitrogen atom such that when Q' is ar 

k x and are 0, E n and are 0, k is : . J 11 trogen # 
acetylacetonyl binding group. 

5 2. A ligand as defined in claim 1, v 

m is 0, n is 1, and G is a metal binding g 

3. A ligand as defined in claim 1, v. 
m is 0, n is 0, and G is a metal binding g 

10 

4. A ligand as defined in claim 1, 
is 0, n is 0, and F is a metal binding gzr: 

5. A ligand as defined in claim 1, \ — 
15 En is 0, E n is 0/ F is a metal binding groups 

are terminating units. 

6. A ligand as defined in claim 
following general structure: 




is l, 




HS^ 



25 



Cjj 
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7. A ligand as defined in claim 2 having the 
following general structure: 



T r~\ 



10 



8. A- ligand as defined in claim 2 having the 
following general structure: 



15 



HO' . ^ 

20 \__J 



25 9. A ligand as defined in claim 3 having the 

following general structure: 



30 



S ^ 



35 
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10. A ligand as defined in claim 3 having the 
following general structure: 



HO-^o 



10 



11. A ligand as defined in claim 3 having the 
following general structure: 



HO. rW 



20 



25 



12. A ligand as defined in claim 4 having the 
following general structure: 



/ — \ / — \ / — \ 
HS N N SH 



30 R 



wherein R is a terminating unit having the general formula 
of G, above, where R 3 is not a metal binding group. 



35 
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13. A ligand as defined in claim 4 having the 
following general structure: 



O O 



10 

wherein R is a terminating unit having the general formula 
of G, above, where R 3 is not a metal binding group. 



15 14. A ligand as defined in claim 4 having the 

following general structure: 



20 




25 wherein R is a terminating unit having the general formula 
of G, above, where R 3 is not a metal binding group. . 
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15. A ligand as defined in claim 5 having the 
following general structure: 



wherein R 1 , R 2 , and R 3 are terminating units having the 
10 general formula of G, above, where R 3 is not a metal binding 



16. A ligand as defined in claim 5 having the 
following general structure: 



wherein R l , R 2 , and R 3 are terminating units having the 
general formula of G, above, where R 3 is not a metal binding 
group. 

25 17 ♦ A ligand as defined in claim 5 having the 

following general structure: 



5 




group . 



15 




30 




35 



wherein R\ R 2 , and R J are terminating units having the 
general formula of G, above, where R 3 is not a metal binding 
group. 
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18. A ligand as defined in claim 5 wherein A, and B, 
are 0 and F is an acetylacetonyl binding group, having the 
following general structure: 



V-OH HO-^ 
f/ R 5 



10 

wherein R 1 , R 2 , R\ R 4 , and R 5 are terminating units having 
the general formula of G, above, where R 3 is not a metal 
binding group. 



15 19/ a method for obtaining a PET image of heart 

tissues comprising the steps of: 

(a) administering to a warm-blooded animal a 
diagnostically effective amount of a gallium-68 
complex with a ligand having a generic formula: 

20 



25 




I 

wherein A* and B x may be the same or different -CR^, 
30 where R x and R 2 may be oxygen, as in a carbonyl unit, 

or a C 0 -C 4 substituted alkyl chain having as 
substituents hydrogen, alkyl, hydroxyl, ether, ester, 
carboxylic acid, thiol, sulfide, thio-carboxylic acid, 
amine, amide, hydroxyamine, phosphine, phosphite, 
35 phosphinate, or arene wherein the carbon-containing 

substituent groups have from 1 to 4 carbon atoms; 
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and E n are linking groups having the general formula: 

-A-Q-B-; n is from 0, 1 or 2, nt is 0, 1 or 2; k is 0, 
! 

6 

5 1 or 2; or 2; k is 0, 1 or 2? G is a terminating unit 

having the general formula -CR^R^, where R 1# R 2 and R 3 
may a C 0 -C 4 substituted alkyl chain having as 
substituents hydrogen, alkyl, hydroxyl, ether, ester, 
"* carboxylic acid, thiol, sulfide, thio-carboxylic acid, 

10 amine, amide, hydroxyamine, phosphine, phosphite, 

phosphinate, or arene wherein the carbon-containing 
substituent groups have from 1 to 4 carbon atoms, R 3 is 
a metal binding group such as phenol, carboxylate, 
mercaptomethy 1 , or acetylacetonyl when is not zero; 

15 F has the same general formula as 2^ and B x , above, but 

when Ea is zero, then F is a terminating unit having 
the general formula of G, where R 3 contains the metal 
binding unit; when E n is zero, then K x and B 3 are 
terminating units having the general formula of 6, 

20 where R 3 is not a metal binding group; Q is an sp 3 

nitrogen atom; Q 9 is an sp 3 or sp 2 nitrogen atom such 
that when Q' is an sp 2 nitrogen, A x and B 3 are 0, E n and 
En are 0, k is 1, and F is a acetylacetonyl binding 
group; and 

25 {b) imaging the animal's heart tissues. 

20. A method for obtaining a PET image of heart 
tissues as defined in claim 19, wherein the gallium-68 is 
complexed with a ligand formula in which k is 1, in is 0, n 

30 is 1, and G is a metal binding. group. 

21. A method for obtaining a PET image of heart 
tissues as defined in claim 19, wherein the gallium-68 is 
complexed with a ligand formula in which k i^2, m is 0, n 

35 is 0, and G is a metal binding group. 
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10 



15 



20 



25 



30 



22. A method for obtaining a PET image of heart 
tissues as defined in claim 19, wherein the gallium-68 is 
complexed with a ligand formula in which k is 1, E, is 0, n 
is 0, and F is a metal binding group. 

23* A method for obtaining a PET image of heart 
tissues as defined in claim 19, wherein the gallium-68 is 
complexed with a ligand formula in which k is 1, E,, is 0, E n 
is 0, F is a metal binding group, and A x and B 3 are 
terminating units. 

24. A method for obtaining a PET image of heart 
tissues as defined in claim 19, wherein the diagnostically 
effective amount of the gallium-68 complex is administered 
in a dose range from about 0.1 to about 10 nmol/kg animal 
body weight. 

25. A diagnostic composition suitable for enteral or 
parenteral administration to a warm-blooded animal 
comprising: 

a diagnostically effective amount of a gallium-68 
complex with a ligand having a generic formula: 



wherein A* and B x may be the same or different -CR^, 
where R x and R 2 may be oxygen, as in a carbonyl unit, 
or a C 0 -C 4 substituted alkyl chairT having as 
substituents hydrogen, alkyl, hydroxyl, ether, ester, 
carboxylic acid, thiol, sulfide, thio-carboxylic acid, 
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amine, amide, hydroxyamine, phosphine, phosphite, 
phosphinate, or, arene wherein the carbon-containing 
substituent groups have from 1 to 4 carbon atoms; 
and E n are linking groups having the general formula: 
5 -A-Q-B-; n is from 0, 1 or 2, m is 0, 1 or 2; k is 0, 

G 

1 or 2; or 2; k is 0, 1 or 2; G is a terminating unit 
"* having the general formula -CRjRjRj, where R a , R 2 and R 3 

10 may a C 0 -C 4 substituted alkyl chain having as 

substituents hydrogen, alkyl, hydroxy 1, ether, ester, 
carboxylic acid, thiol, sulfide, thio-carboxylic acid, 
amine, amide, hydroxyamine, phosphine, phosphite, 
phosphinate, or arene wherein the carbon-containing 

15 substituent groups have from 1 to 4 carbon atoms, R 3 is 

a metal binding group such as phenol, carboxylate, 
mercaptomethyl , or acetylacetonyl when is not zero; 
F has the same general formula as A* and B x , above, but 
when is zero, then F is a terminating unit having 

20 the general formula of G, where R 3 contains the metal 

binding unit; when E n is zero, then A x and B 3 are 
terminating units having the general formula of G, 
where R 3 is not a metal binding group; Q is an sp 3 
nitrogen atom; Q' is an sp 3 or sp 2 nitrogen atom such 

25 that when Q' is an sp* nitrogen, A x and are 0, E n and 

Ea are 0, k is 1, and F is a acetylacetonyl binding 
group; and 

a pharmaceutical ly acceptable carrier. 



30 26. A diagnostic composition as defined in claim 25, 

wherein the gallium-68 is complexed with a ligand formula 
in which k is l,*m is 0, n is 1, and G is a metal binding 
group . 
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27. A diagnostic composition as defined in claim 25, 
wherein the gallium-68 is complexed with a ligand formula 
in which k is 2, m is 0, n is 0, and G is a metal binding 
group . 

28. A diagnostic composition as defined in claim 25, 
wherein the gallium-68 is complexed with a ligand formula 

"in which k is 1, is 0, n is 0, and F is a metal binding 
group . 

29. A diagnostic composition as defined in claim 25, 
wherein the gallium-68 is complexed with a ligand formula 
in which k is 1, E; is 0, E n is 0, F is a metal binding 
group, and A x and B 3 are terminating units. 



15 
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